Aims: The purpose of this study was to examine factors affecting running performance in children. Method: A cross-sectional study exploring the relationships between height, weight, waist circumference, muscle mass, body fat percentage, relevant biomarkers, and the Andersen intermittent running test in 2272 children aged 6 to 12 years. Parental education level was used as a non-physiological explanatory variable. 
Background
Running performance depends on several physiological factors. Diffusion capacity, cardiac output, oxygen-binding capacity, the number of mitochondria in working muscles, the number of capillaries, and enzyme activity in muscles are all factors affecting running performance [1] . Oxygen-binding capacity depends partially on the number of red blood cells (RBC) and the concentration of haemoglobin. In adults, there is a well-known correlation between haemoglobin, erythrocytes, and running performance. However, in children, factors like level of physiological development, motivation, concentration, locomotion, and ability to provide maximum effort might affect performance more than in adults [2] .
Direct measurement of oxygen uptake (VO 2 ) is often used as a physiological measure of aerobic power, and hence running performance. As a substitute, running performance tests are used. Several such tests exists, including Yo-Yo tests, BIIP test, 20m multi-stage shuttle run test (MSRT), and the Andersen intermittent running test [3] [4] [5] . The advantage of running tests is that multiple participants may be tested simultaneously without advanced equipment. The disadvantage is larger variations in results compared to direct measurements of VO 2 [6] .
Several non-physiological factors are associated with poor physical fitness and higher risk of obesity [7] . Children from low-income families tend to have poor physical fitness compared to children from high-income families [7] . A Norwegian study comparing parental education level and lifestyle-related risk factors such as body mass index (BMI), cholesterol level, blood pressure, and smoking habits found more favourable values in children of parents with a higher level of education [8] . Well-educated people tend to be more physically active, and this may be reflected in their children's activity levels. Hence, improved running performance may be one positive effect of high parental education level.
The aim of this study is to present reference values for running performance in 6-12-year-old children and to examine factors affecting running performance in this cohort.
Methods

Sample
The sample was selected from a large intervention project in Norway called the Health Oriented Pedagogical Project (HOPP) [9] . From a population of 2817 children, 2272 were included in this study, 1150 boys and 1122 girls. Further information about the HOPP study is available in the study protocol [9] . The present data are derived from the baseline measurements in spring 2015, and thus the present study has a cross-sectional design. Participation in the HOPP project is voluntary, and parents of participating children signed an informed consent form. Anthropometric measurements, blood sampling, and the Andersen intermittent running test were conducted during school hours and on school premises. To map parental education level, a questionnaire was distributed along with the informed consent form.
Running performance
There are several ways to express the results from the Andersen intermittent running test. One way is in terms of aerobic capacity; however, this measure is linked to indirect measures of oxygen uptake. Aerobic power is usually used in context with a time unit or power output, for instance Watts, and it does not fit with the present results. Aerobic endurance may be used, but the results are given in metres covered within a time frame, and not as litres or millilitres of oxygen. In the current study, the expression running performance is used to refer to metres covered running within a specific measured timeframe.
Running performance was measured using the Andersen intermittent running test in the schools' 20-metre-long standard gymnasiums [5] . The children were instructed to run as fast as possible wall to wall with 15-sec run and 15-sec rest intervals for 10 min. The intervals were guided by music: children stopped when the music stopped and resumed running when the music started. Each 40-metre dash was recorded by the test manager. At 10 min, the test terminated and the distance covered was noted. The number of 40-metre lengths and the number of metres completed in the last lap were summarised [5] . Usually 10-12 pupils attended each test.
Anthropometric measurements
The children's height without shoes on was measured to the nearest 0.5 cm on a stadiometer (SECA GmbH, Germany). To measure body weight, muscle mass, and body fat percentage, a Bio-electric Impedance Analysis scale (BIA) (Tanita MC980MA, Tanita Corp, Tokyo, Japan) was used. The children were measured barefoot with light clothes (pants and sweater/t-shirt), to the nearest 0.1 kg. To compensate for the weight of the clothes, 0.4 kg was subtracted. Waist circumference was measured to the nearest 0.5 cm with an anthropometric measuring tape, at full expiration at the level of the umbilicus [10] .
Blood samples
Blood samples were taken non-fasting and prior to physical activity by phlebotomists from Vestfold Hospital Trust (SIV) in Vestfold, Norway. From the antecubital vein, 4 ml of blood was collected in tubes (Vacuette® Z Serum Sep Clot Activator and K 2 EDTA®, Greiner Bio-One, Austria). After 30 min, the serum was centrifuged at 2000 g for 10 min. After each collection day, the samples were sent to the laboratory for immediate analysis according to the laboratory standard procedure. The laboratory at SIV is certified according to NS-EN ISO 15189. Erythrocytes and haemoglobin were measured on Sysmex XE 2100 or XE 5000 (Sysmex Europe, Norderstedt, Germany) with reagents from the supplier. Iron, total cholesterol, and high density lipoprotein (HDL) cholesterol were measured on Vitros 5600 (Ortho-Clinical Diagnostics, Raritan, NJ, USA), with reagents from the supplier. Non-HDL cholesterol was calculated as total cholesterol minus HDL cholesterol. The use of non-HDL cholesterol for risk prediction, in children as well as adults, has been emphasised in recent guidelines [11] . Ferritin was measured on the Architect i2000SR (Abbott Diagnostics, Lake Forest, IL, USA), also with reagents from the supplier.
Statistics
SPSS v. 21 (IBM Corporation, Software Group, Armonk, NY, USA) was used for the statistical analyses. The variables were tested for normal distribution and later presented as mean ± SD. Depending on whether or not distribution was normal, parametric or non-parametric tests were used to test differences between variables. To analyse factors correlating with running performance, a bivariate Pearson product-moment correlation method was used. Linear regression analyses were completed using the results from the Andersen intermittent running test as the dependent variable. Independent variables believed to influence running performance were sex, height, strength, muscle mass, age, waist circumference, body fat percentage, erythrocytes, ferritin, iron, haemoglobin, total serum cholesterol, HDL, and parental education level. The highest education level in the family was used for statistical testing. If two or more independent variables showed stronger correlation than r > 0.8, one variable was chosen to represent the others in order to avoid collinearity. The nominal variable 'school' (dummy variable) was used to moderate any data clustering effect. The level of significance was set to p ≤ .05.
Ethical considerations
Procedures and methods used in the present study correspond to the ethical guidelines defined by the World Medical Association's Declaration of Helsinki and subsequent revisions (World Medical Association 2013). The Regional Committee for Medical Research Ethics approved the study protocol (2014/2064/REK sør-øst) and the main study is registered as a clinical trial (ClinicalTrials.gov Identifier: NCT02495714). Written, informed consent emphasizing that all aspects of participation are voluntary was obtained from all parents prior to testing. Research on children requires greater responsibility in terms of ensuring that children's needs and concerns are looked after. Special care should be taken to listen when children express a desire not to participate, and persuasion should not be used, even if parents have given permission for their children to participate.
Results
Anthropometric measurements
No differences were found between sexes for mean height, weight, or waist circumference (Table I) . However, boys displayed on average 1.1 kg more muscle mass and 3.2% less body fat than girls. In addition, boys showed a significantly lower percentage of body fat compared to girls across age (data not shown). This was valid for all ages, except for 6-yearolds (p = .619). Analyses using ANOVA also disclosed a significant increase across age for height (p < .0001), weight (p < .0001), waist circumference (p < .0001), strength (p < .0001), muscle mass (p < .0001), erythrocytes (p < .0001), and haemoglobin (p < .0001). A significant difference, but a more random distribution with an increase up to 10-year-olds, then a decline, was found for percent fat (p < .0001) and serum cholesterol (p < .025). Ferritin displayed a random variation across age (p < .0001); however, boys did show an increase from 6 to 8 years old (p = .008) before levelling off. No association with age was found for iron (p = .796) or HDL (p = .788).
Andersen intermittent run test
As observed in Table II , children on average ran 94 m (± 114 m), and boys (955 m, ± 117 m) covered a longer distance than girls (924 m, ± 111 m) (p < .0001). When divided into age groups, boys ran farther at all ages except 7 (p = .487) and 12 years old (p = .440). An average increase of 64 m for boys and 60 m for girls per age group is shown, implying a significant increase with age for both sexes (p < .0001).
Correlation and regression
As shown in Table III , several factors did show a significant correlation with running performance. However, cholesterol, ferritin, and iron did not. Height correlated r > 0.8 with weight, muscle mass, strength, and age. In addition, serum cholesterol and non-HDL showed a corresponding correlation (data not shown). Based on the correlation values, weight, muscle mass, strength, age, and non-HDL were omitted in the regression analysis. The independent variables showed an R 2 of 0.45, with significant (p < .0001) associations for height (β = 6.4 m, p < .0001), percent fat (β = -7.5 m, p < .0001), and haemoglobin (β = 18 m, p = .013). No significant associations were found for other variables. For haemoglobin, two values were omitted as one child was diagnosed with celiac disease and the other with iron deficiency (Figure 1) .
A cluster effect was found in four schools. School 8 was set as a reference as its results were in the median range. The clustering displayed as a negative trend for running performance for one school (school 3, β = -61 m, p = .002), and a positive trend for schools 4 (β = 56 m, p = .003), 6 (β = 48 m, p = .004) and 9 (β = 53 m, p < .0001). The main reason for the negative clustering was the low values for girls in school 3, and the high values for boys in school 6. The results in schools 4 and 9 were caused by high aerobic values for both sexes (Figure 2) .
Using ANOVA, a significant difference was found between the schools regarding height, waist circumference, strength, muscle mass, percent body fat, and age. No difference was found for weight. The differences do not correspond when the test was taken. That is, the results did not increase in a linear pattern towards higher values for the schools tested late spring versus those tested in early autumn; however, the last school (9) did show significantly higher age (data not shown) than the other schools.
Interestingly, no difference was found for parental education level in the regression model. However, analysis using ANOVA showed a significant increase in running performance with higher parental education levels (Figure 3) . Due to the limited number of families, 13 (0.5%) of 1613, with public school as their highest education level, these results were omitted.
Discussion
The main findings indicate that height, haemoglobin, and parental education level have a positive association with running performance, while body fat percentage had a negative association.
Anthropometrics and blood samples
No differences were found between the sexes for height, weight, or waist circumference. Boys did display more muscle mass and lower body fat percentage than girls. Across age groups, a developmental increase in height, weight, waist circumference, and muscle mass occurred for both sexes. Surprisingly, a tendency towards lower percent body fat and serum cholesterol from the age of 10 years was shown. Further analysis indicated that the decrease was mainly in girls. This is encouraging, as having lower amounts of body fat is beneficial for health. However, there was no simultaneous decrease observed in abdominal fat, as would perhaps be expected.
Reference materials
Table II provides a reference for means, ± SD, and percentiles for age group 6-12 years for both sexes. To our knowledge, no other study has presented such an extensive overview of running performance using the Andersen intermittent running test in several pre-pubertal age-groups. However, an earlier study by Aadland et al. tested 10-year-old children on three different occasions [12] . Using the overall best results, children in the present study still covered more metres on average for 10-yearolds, both for boys (+36 m) and girls (+55 m). This difference may be due to elevated parental education level in the present study, and also to the limited number of participants in the study by Aadland et al. [12] . The present results may be used as a reference for physical education teachers for a quick and practical test to estimate running performance and change in running performance as children develop. Any negative deviance from the 50% median values may be used as an indicator for intervention. Studies have indicated that reduced running performance is an important risk factor for lifestyle-related diseases in adulthood [13] . Researchers may also use this as a baseline for future studies as a part of estimating children's physical fitness and cardiometabolic risk factors. However, it is important to consider the large SD when using performance tests like the Andersen test and others. Administering several tests in succession has been recommended to obtain reliable results [12] . 
Development
Height is, in the present study, used as a representative variable for other developmental factors, such as weight, muscle mass, body fat, waist circumference, and age itself. An increase in height, and thereby in leg length, permits longer strides and hence enables taller children to cover longer distances per stride than children with shorter legs [14] . As a result, both sexes increased their running distance with age. However, despite only significant differences between sexes for height in 8-and 9-year-olds (data not shown), boys covered more distance than girls at all age groups except for 7-year-olds. A probable reason for this may be that boys also display a significantly higher volume of muscle mass than girls, on average, which may enhance technique and create longer strides regardless of leg length [15] . Boys' weight and waist circumference are also equal to girls at all ages except 10 and 12 years for waist circumference. However, boys have a lower body fat percentage. Hence, boys have less passive tissue and more muscle tissue to use for running. A lean body will use less energy per stride and have a better possibility of achieving enhanced running performance.
Haemoglobin and erythrocytes
As expected, haemoglobin did show an association with running performance, and may partly explain the increase in running performance as seen in adults [16] . More surprising was the lack of association between erythrocytes and running performance. One would expect that the number of haemoglobintransporting units (erythrocytes) would correspond to the number of oxygen-transporting units (haemoglobin) on the effect on running performance. In fact, the correlation between erythrocytes and haemoglobin was moderate (r = 0.59, p < .0001); however, the correlation between erythrocytes and the Andersen test was lower (r = 0.08, p = .006) compared to haemoglobin (r = 0.21, p < .0001). This suggests that haemoglobin concentration is a better marker of oxygen transport (hence running performance) than the number of erythrocytes.
Parental education level
Several studies have shown an effect of socioeconomic status on health-and fitness-related factors [8] . In Norway, education has been proven to be the most important factor in explaining health status [17] . The results from the present study do indeed suggest that parental education has a positive effect on children's running performance, and several factors may explain why. First, parents act as role models for their children, and evidence from previous research in Norway suggests that adults with a high level of education are healthier, more active, and more fit than those without academic education [17, 18] . It is likely that parental education level also affects children positively. In addition, a healthier lifestyle also often includes healthy eating habits, which may affect children's performance [19] .
Clustering
The cluster effect of schools may partly be explained by the parental education level. In particular, school 4 scored high and school 9 very high on the number of parents with a master's degree or higher, while school 3 scored low on parental education level (data not shown).
Strengths and limitations
The main strength of the present study is the number of participants. As all children were recruited from public schools, all levels of society are represented in the present study. This inclusiveness speaks in favour of the data when generalising the results to the whole population, and hence the results may be used as a frame of reference.
A limitation of the current study is the use of indirect measurements of running performance. A direct measurement of oxygen uptake would probably have resulted in less variation than an intermittent running test. However, studies have shown that there is a relatively good relationship between the Andersen intermittent running test and direct measurement of oxygen uptake [12] . Other factors, such as the children's ability to understand instructions on how to complete the test, and hence be motivated to perform at their very best, may partly explain the variation [20] . No variable explaining any mental or psychological factor was included in the present study.
Conclusion
The purpose of the study was to investigate the extent to which anthropometrical, physiological, and socioeconomic factors affect children's running performance. In addition, reference values for running performance in children 6-12 years old using the Andersen intermittent running test are presented. The results indicate that height, haemoglobin, and parental education level have a positive association with running performance. A negative association with running performance was shown for body fat percentage. Clustering was observed for four schools, perhaps partly explained by parental education level.
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